Abstract-Banana is among fruits most planted in tropical countries and belongs to the fruit group most consumed in the world; however, banana needs proper conservation techniques. The aim of this study was to describe the drying kinetics of 'Prata' and 'D'água' banana cultivars at temperatures of 40 and 70°C, comparing the Henderson, STPE, Lewis, Page and Fick regression models, estimating the Absolute Drying Rate (ADR). Parameters were estimated with R and SAS Studio softwares, using for comparison and selection models of the R² aj , RSD and corrected Akaike Information Criteria. The Page and Fick models did not adjust, and the others presented good adjustment to data. The Henderson model was the most suitable to describe data of 'Prata' banana at both temperatures and 'D'água' banana at 70°C and Lewis at 40°C for this cultivar. The drying rate of 'Prata' banana at temperatures of 40 and 70°C were 0.00079 g of water/ min and 0.00400 g of water/min respectively and for 'D'água' banana, drying rates were 0.00111 g of water/min. and 0.00495 g of water/min., respectively. Using ADR, it was observed that in one third of the drying period, there was 70% of moisture loss at 70°C. 
Introduction
Most banana cultivars originated in Asia, with some cultivars originating in Africa and Pacific Ocean islands. They are typically tropical plants that require constant heat and high humidity for their natural development (BORGES et al., 2006) . According to Salomão et al. (2016) , banana (Musa spp) is among the fruit trees most planted in tropical countries and in Brazil, its cultivation generates significant number of jobs, representing an important source of income for producers, positively affecting the country's economy.
The countries with the largest banana production in the order are India, China, Brazil and Indonesia. The annual Brazilian banana production is over 6.7 million tonnes in an area of approximately 470 thousand hectares, destined for domestic supply, considering the high per capita consumption of 60 kg / person / year (FAOSTAT, 2018) . Brazil also exports its excess production of 41 thousand tons mainly to Argentina and Uruguay. The Brazilian states with the highest production are in the order SP, BA, SC and MG, with emphasis on 'Nanica', 'Prata' and 'Maçã' cultivars, among others (IBGE, 2018) .
Bananas are among the fruits most consumed in the world, whether processed, fried, cooked or even fresh (NOMURA et al., 2013) , which has great food importance because it is a fruit rich in carbohydrates, calcium, magnesium, potassium, vitamin A and other minerals (BORGES et al., 2006; TBCA, 2018) . In the fresh form, it is an extremely perishable fruit and its marketing requires adequate logistics to be performed quickly and rationally. Post-harvest fruit management requires special care to minimize losses and maintain product quality so that it reaches the consumer perfectly. Banana quality is extremely important for both export and domestic market, considering that product pricing takes this aspect into account (COSTA, AUGUSTO, REGO, 2014; SALOMÃO et al., 2016) . Therefore, the use of harvest and post-harvest banana conservation technologies are strategies to assist producers, enabling the expansion of production volume and increasing competitiveness for both domestic and external markets (SANTOS et al., 2017) .
The shelf-life of foods in general can be increased by using drying techniques (GONÇALVES et al., 2016) . Drying is a practice with several advantages such as low cost and simplicity of use, which allow transforming foods with high water content into dehydrated foods while preserving their main physical and chemical characteristics. The drying process involves the removal of water or other liquids from the food. Among its benefits, reduction of post-harvest loss stands out (CELESTINO, 2010) .
Dried banana or raisin banana has high sugar content, being considered a product with high food value and of easy absorption. Among the various forms of consumption, banana raisin consumed pure or used as an ingredient for cakes are preferred by consumers. Acceptance is mainly due to taste, which is much appreciated. However, dry fruit consumption is still small due to the lack of quality control of production processes (MOTA, 2005) . In this sense, it is necessary to know and explore drying techniques to improve the quality of the product and consequently promote its consumption.
The study of fruit drying curves can be performed based on the construction of mathematical models that relate moisture content with time. According to Furtado et al. (2019) , drying curves are sigmoid and can be described by nonlinear regression models. The authors compared nonlinear Henderson, Lewis, Fick and Thompson models in describing the drying of jabuticaba pulp and concluded that the Lewis model is the most adequate to describe data. Silva et al. (2017) described the cupuassu pulp drying kinetics behavior in biopolymer production using different models that characterize a decreasing growth curve. Araujo et al. (2017) evaluated nonlinear models for the adjustment to drying data of peanuts submitted to different temperatures. In general, nonlinear regression models describe well the drying kinetics processes and obtain parameters with biological interpretation.
The aim of this study was to evaluate the adjustment quality of nonlinear Page, Lewis, Henderson, Simple Three-Parameter Exponential and Fick models in the description of the drying kinetics of 'Prata' and 'D'água' banana cultivars at different temperatures and to estimate the absolute pulp drying rate for the most suitable model.
Material and methods
Data used in this study were obtained from Borges et al. (2011) . 'Prata' and 'D'água' bananas used in the research were purchased at the local market of Lavras-MG and selected considering the degree of uniform ripeness. The raw material was cleaned, peeled and cut into disc shape (0.005 cm in thickness and average fruit diameter of 0.035 ± 0.003 m). The material was submitted to the bleaching process and drying through natural convection at temperatures equal to 40ºC and 70ºC. Evaluations were performed in triplicate in the same sample composed of the homogenized material. The moisture ratio was observed in the first 8 hours, thereafter every 3 hours and 12 minutes until approximately 24 hours, totaling 14 measurements over time, considering that at time 0, the moisture ratio is equal to 1 for both temperatures and cultivars.
Nonlinear Lewis (L), Page (P), Henderson (H), Simple Three-Parameter Exponential (STPE) and Fick (F) regression models were adjusted to the set of data, described by respective equations:
In the expressions of models u i = f 1 u i-1 +...+ f p u i-p +e i with i = 1,2,...,14, being u i the adjustment residue at the i-th time; f i the autoregressive parameter of order i; u i -1 the time adjustment residue immediately prior to the i-th measurement; f p the autoregressive parameter of order p; u i -1 the adjustment residue in times prior to the i-th measurement;e i the white noise residue with normal distribution . In the case of independent residues, parameters f i will be null, and thus, u i = e 1 (GUEDES et al., 2004; MAZZINI et al., 2003; MUNIZ et al., 2017; PRADO; MUNIZ, 2013; RIBEIRO et al., 2018b; SOUZA et al., 2010; SILVEIRA et al., 2011) .
In equations (1), (2), (3), (4) and (5), MR i corresponds to the dependent variable, indicating the average value of the banana pulp moisture ratio (dimensionless) in time i in days; k 0 refers to the initial fruit condition, being close to 1 because it represents 100% of the initial pulp moisture; k 1 refers to the drying rate, which can also be obtained by differentiation and refers to the moisture loss variation over the process time, with values between 0 and 1 because moisture loss is always smaller than the drying period; k 2 corresponds to the dimensionless parameter of the model adjustment; exp is the basis of the neperian logarithm.
The parameter estimation process for the adjustment of nonlinear models generally considers minimizing the sum of squares of residues that leads to a system of normal nonlinear equations requiring the use of iterative methods. Among methods, the most used is the one by Gauss-Newton (SAVIAN; MUNIZ, 2007; ZEVIANI et al., 2012; CARNEIRO et al., 2014; MUNIZ, 2015; MUIANGA et al., 2016; MUNIZ et al. al., 2017; RIBEIRO et al., 2018 a, b; SOUZA et al., 2014; SILVEIRA et al., 2018) . Model adjustments were made using the R software (R DEVELOPMENT CORE TEAM, 2017), which uses the Gauss-Newton iterative method and the free-version Statistical Analysis System (SAS STUDIO, 2018).
To validate inferences made, based on the adjusted models, statistical tests and graphs were used to verify the assumptions of independence, normality and homoscedasticity of residues. The Durbin-Watson (DW) test (MORETTIN; TOLOI, 2006) was used to assess the existence of residual autocorrelation, while the ShapiroWilk (SW) (SHAPIRO; WILK, 1965) and Breusch-Pagan (BP) tests (BREUSCH; PAGAN, 1979) were applied to verify the normality and homogeneity of residues, respectively.
In order to evaluate the adjustment quality of models, the adjusted determination coefficient (R² aj ) and the residual standard deviation (RSD) were used.
The higher the R 2 aj value, the lower the RSD, the better the model adjustment to data. The corrected Akaike Information Criterion (AIC) was used as model selection criterion (AKAIKE, 1974) .
The significance of estimates obtained for the model parameters was tested by applying the Student t-test and then, 95% confidence intervals were calculated. Finally, the drying curve was studied based on the Absolute Drying Rate (ADR), calculating the first and second derivatives of the most appropriate model, according to Furtado et al. (2019) .
Results and discussion
Firstly, residual analyses were presented for the model adjustments and evaluation of the adjustment quality of models with their practical interpretations, when applicable. The Page and Fick models did not converge at both temperatures and cultivars, as occurred with the Simple Three-Parameter Exponential Model (STPE) for the 'D'água' Banana data at 70 ° C, so the results for these models do not appear in tables and figures. Table 1 The Durbin-Watson test was generally significant, indicating residual autocorrelation at both temperatures for 'Prata' and 'D'água' cultivars, i.e., there was residual dependence over time. This result was expected, as measurements were performed on the same 'D'água' and 'Prata' banana material, respectively, over time. In fruit growth studies, similar results were found by PRADO; SAVIAN; MUNIZ, (2013), Muniz et al. (2017) , Muianga et al. (2016) and Ribeiro et al. (2018a) , who observed the presence of autocorrelated errors in the adjustment of nonlinear regression models to describe the growth of coconut, cacao, cashew and pear fruits, respectively. According to these authors, whenever residual dependence is observed, this correlation should be modeled by an autoregressive process. Different results were found by Ribeiro et al. (2018b) with the growth of pequi fruits, as residual dependence was not observed because biometric measurements were made on different fruits at each age.
After the study on residual dependence, considering the autoregressive errors of orders 1 and / or 2, it was verified that the Shapiro-Wilk and Breusch-Pagan tests were not significant in both temperatures and cultivars, and it could be inferred that the residual values are usually distributed and with homogeneous variance. Similarly, Figures 1 and 2 show that there is no pattern in figures, corroborating results of Table 1 . The verification of (5).
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Estimates with 95% confidence intervals for parameters of the Henderson, Lewis and Simple ThreeParameter Exponential models at temperatures of 40 and 70 ° C for 'Prata' and 'D'água' cultivars are presented in Table 2 . Based on the estimates of parameter k 0 presented in Table 2 , it was observed that the values obtained were close to 1 at both temperatures, as expected, as they refer to 100% of the initial moisture in the banana material. The STPE model at temperature of 40 ° C for 'Prata' cultivar overestimated the expected k 0 value and still presented wide confidence interval, indicating that the estimate is not reliable. Leite et al. (2015) studied the drying kinetics of slices of 'Terra' banana cultivar and found values close to 1 for the initial moisture content, which in their study, they named "a" for the Midilli model.
Estimates for parameter k 1 were between 0 and 1, as expected, as they represent the product's drying rate, which is given by the ratio between the moisture variation and the drying time variation. Considering the values observed in Table 2 , the drying rates at temperatures 40 ° C and 70 ° C for 'Prata' cultivar averaged 0.00079 g water / min and 0.00400 g water / min respectively, and 0.00111 g water/min and 0.00495 g water/min for 'D'água' cultivar. As it can be observed, with temperature increase, k 1 increases, that is, the moisture loss rate over time is greater with the increase in the drying temperature, corroborating results obtained by Gouveia et al. (2003) with the drying curve of cajá fruits. Temperature is one of the most influential factors in the drying process, and the higher the temperature, the shorter the drying time and, consequently, the faster the equilibrium moisture content (Ue) of the product is reached. Similar results were found by Borges et al. (2008) with the drying kinetics of pumpkin slices and Leite et al. (2015) with the drying of 'Terra' banana cultivar at temperatures of 40 to 60 ° C.
Confidence Intervals (CI) for parameter k 2 of the STPE model in both temperatures and banana cultivars involved the zero value, so this model was considered inadequate to describe data. Parameters k 0 and k 1 presented small amplitude CI with only positive values in all temperatures and cultivars, which according to Ribeiro et al. (2018a) , very small amplitude intervals indicate adjustment quality of models to data.
According to Muniz et al. (2017) and Ribeiro et al. (2018a) , the use of autoregressive errors, when there is residual dependence, has the characteristic of improving the adjustment quality of models, making the estimated values to have greater reliability with more accurate results. For 'Prata' and 'D'água' banana data at 40°C, the autoregressive components of orders 1 and 2 were considered. Regarding the values estimated for ∅ 1 and ∅ 2 , values were greater than 1 and ∅ 2 values were within the [-1;1] range. Observing that f 2 -f 1 < 1 and f 1 -f 2 < 1, there are indications that the values are in the unitary circle, which is justified by Morettin and Toloi (2006) , because under these conditions, there are guarantees of stationarity AR2 data series.
Based on the above, it could be inferred that the drying kinetics data of 'Prata' and 'D'água' banana cultivars are highly correlated at temperature of 40°C. At 70°C, data for both cultivars presented residual dependence of order 1, with confidence intervals free from zero, indicating reliability in the result presented in Table 2 , with high correlation. In general, the results indicated a high positive correlation among residues at both temperatures and cultivars, which corresponds to the strong correlation of observations over time, confirming the need to be considered when adjusting models to data. Table 3 presents the adjustment quality evaluators R Considering the AIC selection criteria presented in Table 3 , the most suitable model to describe 'Prata' banana kinetic data at 40 and 70°C and 'D'água' banana at 70°C was the Henderson model, and the Lewis model at 40°C for 'D'água' cultivar, with lower criterion values . Muniz et al. (2017) and Ribeiro et al. (2018a) used the AIC selection criteria to compare nonlinear regression models in the description of cocoa and pear fruit growth, respectively, and found that lower AIC values indicated the most suitable nonlinear regression model to describe data.
According to results of Table 3 , the Henderson model was the most suitable for 'Prata' cultivar at both temperatures and at 70 ° C for 'D'água' cultivar, while the Lewis model was the most suitable for 'D'água' cultivar at 40°C. Figures 3 and 4 illustrate the drying process of cultivars at both temperatures. At 70°C, curves were generally steeper, clearly characterizing the four phases involved in the drying process (GOUVEIA et al., 2003) . At 40°C, curves were smoother, impairing the identification of phases, suggesting that further measurements would be needed over time to better visualize stabilization at the end of the last drying phase, reaching the equilibrium Rev. Bras. Frutic., Jaboticabal, 2019, v. 41, n. 5: (e-426) moisture content.
The drying processes presented in Figures 3 (a) and 4 (a) show that the moisture loss for 'Prata' and 'D'água' cultivars at 40 ° C, respectively, decreases more sharply until approximately 600 minutes. From this point, fruits undergo constant and decreasing moisture loss phases until they approach equilibrium moisture stabilization at 1450 minutes. For Cano-Chauca et al. (2004) , in studies with raising bananas at the beginning of drying processes, significant part of the moisture is easily removed, and after a certain period, there is greater internal resistance to moisture removal. The authors also consider that, adequate evaluation regarding the moisture content allows the prediction of the ideal times for the drying process.
The drying curves at 70°C for 'Prata' and 'D'água' cultivars are shown in Figures 3 (b) and 4 (b) , respectively. In general, both cultivars reach equilibrium moisture content within approximately 200 minutes, following the other drying process stages until reaching equilibrium moisture content within 900 minutes, and are observed up to 1450 minutes without significant changes. It is noteworthy that the drying process for 'Prata' cultivar obtained lower mean moisture contents compared to those of 'D'água' cultivar at the end of the process, but even so, presented similar characteristics at both temperatures evaluated and even with an increase of 30°C in temperature, there was a considerable decrease in moisture content, as can be seen in Figures 3 and 4 . Similar results were obtained by Madureira et al. (2011) with the drying of fig pulp with the addition of modified starch, since with a 10°C increase in the drying temperature, there was a decrease of about 30% in the drying process. Gonçalves et al. (2016) with the drying of green banana pulp, observed that the higher the temperature, the shorter the drying time.
According to Furtado et al. (2019) in the drying phases with constant moisture loss, it was observed that the increase in temperature reduces this phase, indicating that a significant amount of water is in the free form in jabuticaba pulp and the other portion interacts with soluble solids. Similar results were observed in the present study, with the drying kinetics of 'Prata' and 'D'água' banana cultivars, because by raising temperature, fruits reached the equilibrium moisture content faster, optimizing the drying process. However, chemical, physical and biological analyses are required to decide the best drying temperature.
After choosing the most suitable models, Absolute Drying Rates (ADR) were obtained, which can be seen in Figures 5 and 6 . It is generally found that at 40°C for both cultivars, Figures 5 (a) and 6 (a) , there was greater moisture loss in the range from 0 to 700 minutes, even if it occurred mildly, in which during this period, 55% of the drying process already occurred. After this period, moisture loss decelerated until it approached stabilization at the end of the evaluation period. In (b) of Figures 5 and 6, ADR indicated accelerated moisture loss from 0 to 410 minutes, which represents about one third of the drying period, which represented 72% of the moisture loss occurred throughout the process, as in (a), there was deceleration in moisture loss after this period until stabilization was reached. Furtado et al. (2019) found similar results with the drying of jabuticaba pulp, where there is a process deceleration until stabilization after the most severe moisture loss. Leite et al. (2015) found that after the final stabilization reaching equilibrium moisture content, moisture loss can only be changed if the process conditions are changed, such as drying air temperature and velocity; the same was verified by Cano-Chauca et al. (2004) when studying banana raisings. 
Conclusions
The Lewis, Henderson and Simple Three-Parameter Exponential models adjusted adequately to 'Prata' and 'D'água' banana drying data at temperatures of 40 and 70°C, while the Fick and Page models did not. The most suitable model to describe 'Prata' banana data was the Henderson model, considering first and second order autocorrelation (∅ 1 and ∅ 2 ) among residues at 40°C and first order at 70°C. For 'D'água' cultivar, the best models were Lewis considering first and second order autocorrelation (∅ 1 and ∅ 2 ) among residues at 40°C and Henderson considering first order autocorrelation at 70°C.
The drying rates of 'Prata' bananas at temperatures of 40°C and 70°C were 0.00079 g of water/min and 0.00400 g of water/min respectively and for 'D'água' bananas, drying rates were 0.00111 g of water/min and 0.00495 g of water/min, respectively. With the Absolute Drying Rate, it was observed that in one third of the drying period, there was 70% of moisture loss at 70°C.
